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OB=obliterative bronchiolitis; PFT= pulmonary (unction test; 
TBB = transbronchial biopsy 



During the past decade lung transplantation has 
been successfully extended to a variety of ad- 
vanced lung diseases including pulmonary fibrosis, 
chronic obstructive pulmonary disease, antitrypsin 
deficiency emphysema, cystic fibrosis, primary pul- 
monary hypertension, and selected forms of Eisen- 
menger's syndrome. 1 2 In the last few years, activity in 
isolated lung transplantation has been growing expo- 
nentially, while the number of combined heart-lung 
transplants has been relatively constant (Fig 1). 
Through August 1992, 1,536 lung transplants had 
been reported to the St. Louis International Lung 
Transplant Registry; 1-year and 2-year actuarial sur- 
vival rates were 68 percent and 60 percent, respec- 
tively. 2 In the United States, 486 lung transplants were 
performed in 1992, more than twice the number done 
in 1991, 3 and at least 45 centers were active. 2 

Deaths soon after lung and heart-lung transplanta- 
tion have been caused primarily by technical and 
cardiac complications of the operation, but mortality 
beyond the first month has been related to infection 
and rejection (Fig 2). 1 The lower respiratory tract is 
readily exposed to airborne pathogens, while the 
normal defense mechanisms are breached at many 
levels in the allografted lung. Mucociliary clearance 
is diminished, and the cough reflex is depressed 
because the transplanted lung is denervated. More- 
over, the antimicrobial functions of the alveolar mac- 
rophage may be impaired. 4 Hence, the transplanted 
lung is particularly vulnerable to infection. 

After combined heart-lung transplantation, lung 
rejection has been more frequent and more problem- 
atic than cardiac rejection. Why might the lung be 
more prone to rejection? The lung is one of the largest 
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transplantable organs, with an extensive vasculature 
that is exposed to the entire cardiac output. The lung 
also has a vast intrinsic immune apparatus, which 
includes large populations of both antigen-presenting 
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Ficuhe 1. Top, International (United States included) lung and 
heart-lung transplant activity from 1983 through 1991. Data are 
from the St. Louis International Lung Transplant Registry (lung) 
and the International Society of Heart and Lung Transplantation 
(heart-lung).' ! Bottom, United States lung and heart-lung transplant 
activity from 1985 through 1991. Data are from the United Network 
for Organ Sharing. 3 
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cells and effector cells, and the respiratory tract is in 
constant contact with extrinsic inhaled antigens, which 
may cause local inflammatory reactions with up- 
regulation of alloantigen expression on bronchial epi- 
thelium and activation of T lymphocytes. 5 

Lung transplantation has come of age, 6 but many 
challenges remain. The immunobiology of the lung as 
an allograft has not been thoroughly characterized. 
Chronic rejection has been the major cause of late 
graft attrition and patient death, yet it is poorly 
understood and is difficult to treat. This article will 
review the management of lung transplant rejection 
from a clinical perspective. The mechanisms and 
classification of rejection will be presented, immuno- 
suppressive strategies and drug regimens will be 
summarized, and diagnostic and therapeutic issues 
will be discussed. 

Mechanisms and Classification of Rejection 
A solid organ transplanted from a donor to a 
genetically nonidentical recipient is an allograft and 
provokes a specific immune response called rejection. 
The rejection reaction is an immunologic cascade 
leading to the activation, differentiation, and prolifer- 
ation of effector T lymphocytes directed against donor 
cells. Transplants are rejected primarily because of 
differences between the donor and the recipient in 
cell-surface molecules that are encoded by genes in 
the major histocompatibility complex (MHC), com- 
monly called the human leukocyte antigen (HLA) 
complex in humans. These polymorphic, cell-surface 
glycoproteins are divided into two major classes. Class 
I (HLA-A, B, C) molecules are constitutively ex- 
pressed by most cells in most tissues. In contrast, 



class II (HLA-DP, DQ, DR) molecules are constitu- 
tively expressed by relatively few cell types, such as 
B lymphocytes, macrophages, and monocytes; how- 
ever, they can be induced on other cells, including T 
lymphocytes and endothelial cells, by interferon and 
other biologic response modifiers. 7 9 

The physiologic function of MHC molecules is to 
present foreign antigens to T lymphocytes. T cells can 
respond only to antigens bound to the surface of 
antigen-presenting cells in association with class I or 
II MHC molecules. Helper T lymphocytes (CD4 + ) 
recognize antigens associated with class I MHC mol- 
ecules, and cytotoxic T lymphocytes (CD8 + ) recog- 
nize those bound with class II molecules. The process 
by which donor-recipient MHC differences cause 
rejection is probably a variation of normal function in 
which donor MHC molecules that resemble recipient 
MHC-foreign antigen complexes become the target 
of cross-reactive recipient T lymphocytes. 7 ' 9 

Both donor class I and class II MHC molecules are 
alloantigens. Recipient cytolytic T lymphocytes 
(CD8 + ) recognize donor class I MHC molecules and, 
after differentiation under the influence of cytokines 
secreted from helper T lymphocytes, can directly lyse 
graft endothelial and parenchymal cells. Donor class 
II molecules on antigen-presenting cells such as 
macrophages stimulate recipient helper T lympho- 
cytes (CD4 + ) to secrete interleukin-2 (IL-2) and other 
cytokines like gamma interferon. These cytokines act 
as costimulators, which induce MHC expression, en- 
hance T lymphocyte responses, and amplify the cel- 
lular inflammatory reaction. In contrast to these forms 
of cell-mediated alloreactivity, considerably less is 
known about the pathogenesis of alloantibodies against 
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Table 1 —Histologic Classification of Pulmonary Rejection* 

Principal Histologic Feature 



Active airway damage 
without fibrous 
scarring 

Chronic airway rejecHt 

Chronic vascular 
rejection 

Vasculitis 



infiltrates 
Bronchiolitis obliterans 
Fibrointimal thickening of arteries 

and veins 
Mononuclear infiltrate in walls of 



♦Adapted from the working formulation of the Lung Rejection Study 

donor MHC molecules and the clinical significance of 
humoral rejection. 

Graft rejection has traditionally been classified by 
its time of onset and its histopathologic pattern as 
hyperacute, acute, or chronic. Hyperacute rejection 
is caused by preexisting alloantibodies that bind to the 
vascular endothelium of the donor organ, activate 
complement, and cause rapid thrombosis of the graft 
vessels before the development of inflammation. Hy- 
peracute rejection has been virtually eliminated by 
screening the serum of recipients for antibodies against 
a panel of cells representative of potential donors. 
When present, such antibodies may be the result of 
prior exposure to alloantigens through pregnancy, 
blood transfusion, or previous transplantation. 

Hyperacute rejection after lung transplantation has 
not been documented but could occur. The constraint 
imposed by the relatively short acceptable ischemic 
time for the donor lungs precludes a direct, prospec- 
tive crossmatch between the actual donor and the 
recipient. Thus, even though the recipients serum had 
no panel-reactive antibodies, antibodies against donor 
alloantigens not represented in the screening panel 
could be present and could cause hyperacute rejection. 
However, only one case of presumed hyperacute 
rejection has been observed in 150 lung transplants 
performed at our center, and other cases have not 
been reported. 

Acute rejection is a complex, integrated immune 
response stimulated by the recognition of alloantigens. 
Both specific cytotoxic T cell lysis and delayed-type 
hypersensitivity mechanisms probably effect graft 
injury, but the role of alloantibodies cannot be dis- 
counted. 10 Histologically, acute rejection of the lung is 
characterized by perivascular mononuclear infiltrates 
with or without an accompanying lymphocytic bron- 
chitis/foronchiolitis. 11 A classification scheme and a 
grading system for lung rejection are illustrated in 
Tables land 2." 

Chronic rejection has been the major cause of late 
graft attrition after solid organ transplantation, but it 



is still an "undefined conundrum." 12 The c 
feature in all solid organs has been obliterative fibrosis 
of luminal structures in the allograft (eg, coronary 
arteries in the heart, bile ducts in the liver, and 
bronchioles in the lung). The pathogenesis of the 
lesion is uncertain, but hypotheses have included 
scarring caused by bouts of acute rejection, a fibrotic 
response to chronic ischemia related to vascular injury, 
and fibrosis generated by an ongoing subclinical im- 
munologic insult. 

In lung allografts, chronic rejection is a syndrome 
characterized histologically by bronchiolitis obliterans 
and physiologically by progressive airflow limitation. 
The lesion evolves from an inflammatory bronchiolitis 
to destruction and obliteration of the small airways. 
Mesenchymal cell growth factors may promote the 
fibroblastic response. Although infection, denervation, 
bronchial ischemia, diminished mucociliary clearance, 
and impaired lower respiratory tract defenses could 
all contribute to the development of bronchiolitis 
obliterans in the transplanted lung, airway-directed 
rejection is the most likely cause. 1314 

Lower respiratory tract infection has been postu- 
lated as a potential catalyst for obliterative bronchiolitis 
(OB). s Lymphokines, such as interferon, released by 
the inflammatory reaction to the infection could aug- 
ment the expression of MHC antigens and thereby 
trigger or magnify allograft rejection. Although this 
theory has not been verified, cytomegalovirus (CMV) 
pneumonitis has been postulated as a risk factor for 
the subsequent development of OB. 15 

Immunosuppressive Strategies and Drug 
Regimens 

Some rejection is almost inevitable after transplan- 
tation. Two strategies have been used to minimize or 
prevent rejection— making the graft less immunogenic 
and suppressing the recipient's immune response — 
but both of these approaches have practical limitations. 

Table 2— Histologic Grading System for Acute Pulmonary 
Rejection* 



Normal (AO) 


No significant abnormality 


Minimal acute 


Infrequent perivascular infiltrates 


rejection (Al) 




Mild acute rejection 


Frequent perivascular infiltrates 


(A2) 


around venules and arterioles 


Moderate acute 


Dense perivascular infiltrates with 


rejection (A3) 


extension into alveolar septa 




Diffuse perivascular, interstitial, and 


rejection (A4) 


air-space infiltrates; alveolar 




pneumocyte damage; possibly 




parenchymal necrosis, infarction, 




or necrotizing vasculitis 



♦Adapted from the v 



irking formulation of the Lung Rejection Study 
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Drugs: Mechanisms of Action and Toxicities 



Drug Mechanisms of Action 

Cyclosporine Inhibits transcription of IL-2 gene; diminishes IL-2 

production and release; blunts activation and 
proliferation of lymphocytes 

Azathioprine Inhibits nucleic acid synthesis; blocks proliferation of 

lymphocytes 

Corticosteroids Decrease inflammatory reaction by lysing T lymphocytes 
and by blocking cytokine gene transcription and 
secretion from mononuclear phagocytes 

ALG or ATG* Opsonizes and depletes lymphocytes 

OKT3 Opsonizes or lyses lymphocytes with CD3 receptors, 

which are present on all mature T lymphocytes 



Nephrotoxicity; hypertension; neurologic problems 
(tremors, paresthesias, headache, depression, 
confusion, seizures); hepatotoxicity; hypertrichosis 
gingival hyperplasia 

Leukopenia; pancreatitis; hepatitis and cholestatic 
jaundice 

Hyperglycemia; hypercholesterolemia; osteoporosis; 
cataracts; myopathy; peptic ulcer 

Leukopenia; thrombocytopenia; fever; arthralgias; se 
sickness 

Leukopenia; hypotension; pulmonary edema; aseptic 
meningitis; fever; chills; nausea, vomiting, and 
diarrhea; serum sickness 



ALG = antilymphocyte globulin; ATG = antithymocyte globulin; OKT3 = monoclonal antibody to the CD3 receptor on lymphocytes. 

in Table 3. Although these drugs effectively modulate 
reactivity to the allograft, they are nonspecific immune 
suppressants and predispose recipients to both oppor- 



Hyperacute rejection has been virtually eliminated 
by ABO blood group compatibility matching between 
donor and recipient and by pretransplantation screen- 
ing of recipients for panel-reactive antibodies. Theo- 
retically, cellular rejection can be reduced by mini- 
mizing differences between donor and recipient at the 
MHC (HLA) loci. In kidney transplantation, tissue 
typing and donor-recipient HLA matching have been 
beneficial and are standard practice. In other solid 
organs, including the lung, the importance of HLA 
matching has not been extensively studied, and the 
time limit on organ preservation has precluded routine 
HLA matching between the donor and the recipient. 
In an analysis of the early heart-lung transplant 
experience at Stanford University Medical Center, 
recipients with zero to one mismatch at HLA locus A 
had a tendency toward less OB, less severe OB, and 
fewer deaths due to OB than recipients with two 
mismatches at this locus, 16 but no other studies have 
investigated this link. 

The mainstay of solid organ transplantation has 
been drugs that suppress the recipients immune 
response. The commonly used agents are summarized 



tunistic and nonopportunistic infections. Further- 
more, immunologic monitoring of the effects of these 
drugs is not yet clinically applicable, and therapy is 
regulated by evidence of drug toxicity and rejection. 

The protocols for immunosuppressive therapy can 
be divided into three general catgories: induction, 
maintenance, and treatment of rejection. In lung 
transplantation, these regimens have been adopted or 
modified from the experience in other solid organ 
transplants. The protocols in use in our program on 
July 1, 1992 are illustrated in Table 4. A three-drug 
regimen of cyclosporine, azathioprine, and a cortico- 
steroid is now being used for both induction and 
maintenance, but the use of corticosteroids during the 
first 7-10 days after transplantation has evolved with 
experience. During the induction phase antilympho- 
cyte globulin has been added for more intensive 
immunosuppression. 

Since its introduction in 1981, cyclosporine has 
become the cornerstone of most immunosuppressive 



<e Drug Regimens* 



Regimen 



Maintenance 



2-4 mg/h intravenously initially, then adjust to obtain blood level in high 

therapeutic to slightly supratherapeutic range; gradually change to oral therapy 
when feasible (bioequivalent oral doses are about 3-4 times larger than IV dose) 

2 mg/kg/d intravenously and then orally 

Methylprednisolone, 1 g, intravenously intraoperatively before reperfusion; 

methylprednisolone, 1 mg/kg/d, intravenously for the first 3 days, then IV 

methylprednisolone or oral prednisone, 0.5 mg/kg/d 
10-15 mg/kg/d intravenously for the first 5-7 days only 

Titrate dose according to trough blood level; target levels in the mid-to-upper 
therapeutic range, but modified appropriately for nephrotoxicity 

2 mg/kg/d; increase dose to 2.5-3 mg/kg/d for recurrent acute or chronic rejection; 
decrease dose for leukocyte count <4,500/mm 3 

0.5 mg/kg/d for the first 3 months; taper to 15 mg/d by 6 months, then to 15 mg 
on alternate days by 12 months, and maintain there indefinitely 



Antilymphocyte globulin 
Cyclosporine 



Azathioprine 
Prednisone 



•Regimens in use in the Washington University/Barnes Hospital Lung Transplant Program on July 1, 1992. IV = intravenous. 
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drug regimens." The clinical pharmacology is com- 
plex, but cyclosporine is metabolized by the hepatic 
cytochrome 1*450 system, and its clearance may be 
altered by other drugs that interact with this system. 
Commonly used drugs that inhibit cytochrome P-450 
and increase cyclosporine levels include ketoconazole, 
erythromycin, oral contraceptives, methylpredniso- 
lone, and the calcium channel antagonists diltiazem 
and verapamil, but not nifedipine. Likewise, drugs 
that induce F450 enzymes tend to lower cyclosporine 
levels; potent effects may be produced by rifampin, 
phenobarbital, phenytoin, carbamazepine, and val- 
proic acid. 

Because of the variability in cyclosporine pharma- 
cokinetics, monitoring the drug level is crucial to 
optimum therapy. Trough levels should be measured 
using an assay directed primarily at the active parent 
compound. In the early posttransplantation period, 
cyclosporine levels are usually kept in the high thera- 
peutic to somewhat supratherapeutic range unless the 
serum creatinine concentration rises unacceptable 
Subsequently, target levels are in the mid-to-upper 
therapeutic range in the absence of nephrotoxicity. 

Azathioprine has been a standard drug in transplan- 
tation since the 1960s. Its relevance in lung transplan- 
tation was confirmed by the Stanford experience with 
their initial group of heart-lung transplant recipients. 
These recipients were managed with a two-drug 
regimen of cyclosporine and prednisone, and the 
incidence of OB was over 50 percent. Ml819 Augmented 
immunosuppression with azathioprine blunted the 
rate of progression of OB in afflicted patients, and the 
incidence of OB has been reduced to about 20 percent 
in the subsequent group of recipients treated with a 
three-drug protocol including azathioprine. Although 
other changes in management, such as more intensive 
surveillance, may have contributed to the decline in 
OB, the role of azathioprine in lung transplantation 
was firmly established by this experience. 

While the use of cyclosporine and azathioprine has 
been relatively uniform, corticosteroid usage for in- 
duction and early maintenance therapy has changed 
considerably over the past 10 years. Because of the 
historical problem with airway dehiscence in the series 
of human lung transplants between 1963 and 1973 and 
the detrimental effect on the strength of the bronchial 
anastomosis in a canine experimental model, 20 21 pre- 
transplantation and early posttransplantation cortico- 
steroid therapy were initially avoided except for the 
treatment of acute rejection. Recent results, however, 
have allayed this concern, 22 and although dosages 
differ, corticosteroids are now part of the induction 
regimen at most centers. Prednisone is usually in- 
cluded in the maintenance drug regimen, at least 
initially, but both the dosage and the taper schedule 
vary among programs. Low-dose prednisone is contin- 
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ued indefinitely in our recipients, but the transplant 
group at Papworth Hospital has reported good long- 
term results in heart-lung transplant recipients with- 
out maintenance prednisone. 23 

Antilymphocyte antibodies have been used for in- 
duction therapy and for the treatment of refractory 
acute or chronic rejection, but their role in lung 
transplantation has not been clearly delineated. The 
available preparations include the polyclonal antisera, 
such as antilymphocyte globulin (ALG) and antithy- 
mocyte globulin (ATG), and the monoclonal antibody 
to the CD3 receptor on lymphocytes, OKT3. Antilym- 
phocyte globulin has been a standard component of 
our induction regimen, but satisfactory results with 
OKT3 have also been reported. 24 However, the risk of 
postoperative CMV infection may be significantly 
increased by cytolytic therapy with either ALG or 
OKT3. 25 Both the efficacy and the complications of 
these agents need further study. 

Among the investigational drugs, FK 506, a fungal 
macrolide with potent immunosuppressive effects, has 
received the greatest attention. Clinical trials have 
focused on liver transplantation, but a small number 
of other solid organ recipients have also been treated. 26 
Experience in heart-lung and lung transplant recipi- 
ents is very limited and inconclusive. At the present 
time, FK 506 is not readily available for clinical use 
after lung transplantation. 

Diagnosis and Treatment 
Pulmonary rejection has been common after both 
heart-lung and isolated lung transplantation, and the 
rejection pattern has been similar after each of these 
procedures. 27 Most recipients have at least one episode 
of acute rejection, and about 25 percent of recent 
long-term survivors have developed chronic rejection. 
Acute rejection is usually readily reversible with 
treatment and is rarely fatal. In contrast, chronic 
rejection often responds poorly to therapy and causes 
considerable late morbidity and mortality. 

Appropriate management of rejection is dependent 
on timely, accurate diagnosis. Theoretically, the diag- 
nosis of rejection could be approached clinically, 
histologically, or immunologically. Unfortunately, sen- 
sitive and specific immunologic tests for monitoring 
the adequacy of immunosuppressive therapy or for 
detecting allograft rejection are not currently availa- 
ble. Thus, clinical and histologic criteria are currently 
the diagnostic standards. 

Acute Rejection 

Acute rejection has been observed as early as 3 days 
and as late as several years after transplantation. Using 
clinical criteria, nearly all of our lung transplant 
recipients have had at least one instance of acute 
rejection during the first 3 weeks; using a decision-to- 
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treat analysis, the average number of episodes per 
patient during this time interval has been approxi- 
mately 2.5. Using histologic criteria, 60 percent of 
heart-lung recipients at Papworth Hospital had a 
biopsy-proven episode during the first postoperative 
month, and 60 percent of all cases of acute rejection 
occurred during the first 3 months after transplanta- 
tion. 23 Although the likelihood of acute rejection 
appears to decrease over time, the risk is always 
present, and late episodes are not unusual. 

Acute rejection has many manifestations; early (<1 
month after transplantation) and late episodes may 
present somewhat differently. Clinical features include 
cough, dyspnea, fever, adventitious lung sounds (rales, 
wheezes), radiographic infiltrates, hypoxemia, and 
deterioration in pulmonary function test (PFT) results. 
Some typical diagnostic guidelines are summarized in 
Table 5, Obviously, the clinical profile of acute pul- 
monary rejection is nonspecific. Within the first few 
weeks after transplantation, a comparable clinical 
picture can be caused by postoperative purulent 
bronchitis with retained secretions, pneumonia, pul- 
monary edema, or posttransplantation acute lung 
injury (reimplantation response). Beyond the first 
month, infection is the main alternative in the differ- 
ential diagnosis. Cytomegalovirus pneumonia, the 
most common opportunistic infection, generally can- 
not be distinguished from rejection without a biopsy. 

The chest radiograph is usually abnormal during 
acute rejection in the first month after transplantation, 



Table 5— Clinical Criteria for the Diagnosis of Rejection 

Temperature: Rise >0.5°C above stable baseline 
Oxygenation: Fall >10 mm Hg below stable baseline 
Radiograph: New or changing infiltrates 
Spirometry: Fall in FEV, >10% below stable Ixiseline 
Infection excluded 

Response to treatment with methylprednisolone 



but is seldom abnormal thereafter. In a series of heart- 
lung recipients with biopsy-confirmed rejection, the 
chest radiograph was abnormal in 74 percent of the 
episodes during the first month, but was normal in 77 
percent of those episodes that occurred later than 1 
month after transplantation. 2 " The most frequent 
radiographic pattern has been the combination of 
parenchymal shadows (perihilar and lower lung zone 
infiltrates and/or septal lines) and pleural effusions, 2 * 29 
but these radiographic changes are not unique (Fig 3, 
4). Cytomegalovirus pneumonitis can produce similar 
abnormalities, including interstitial infiltrates, septal 
lines, and small effusions. 2829 

Although pulmonary function is abruptly improved 
by transplantation, the recovery reflected by PFT 
values continues for 1 to 3 months after transplantation 
as the perioperative changes in the lung and thoracic 
cage resolve. The final PFT pattern is determined by 
the underlying disease and the type of operation. The 
PFT values revert to normal after heart-lung and 
bilateral transplantation, but mild-to-moderate abnor- 
malities that reflect the pathophysiology of the re- 




Ficuhe 3. Left, Chest radiograph of a bilateral lung transplant rt 
transplantation. Right, Chest radiograph of the same recipient 8 h after tn 
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Figure 4. Top, Chest radiograph of a bilateral lung transplant 
recipient with a pattern mimicking acute rejection 5 days after 
transplantation. Bronchoscopy revealed retained mucopurulent se- 
cretions throughout the bronchial tree. Bottom, Chest radiograph 
of the same recipient 6 h after clearance of the secretions by 
bronchoscopy. 

maining native lung persist after single lung transplan- 
tation. Nonetheless, once perioperative changes have 
resolved and lung function has stabilized, the coeffi- 
cient of variation for most PFT parameters is quite 
small, usually no more than 5 percent. 30 Thus, a 
decline of 10 percent or more in forced vital capacity 
(FVC) and/or FEV, is a significant change and may 
signal a pulmonary complication. 31 

Oxygenation and PFT values deteriorate during 
both acute rejection and infection. Although sensitive 
for detecting either infection or rejection, changes in 
PFT values have not discriminated between these 
complications. 30 The FVC and FEV, fell proportion- 
ately with either infection or rejection in one study of 
heart-lung recipients, 30 but a pattern of small airway 
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obstruction was more suggestive of rejection in another 
investigation. 32 In our own series of lung transplant 
recipients, 33 the development of expiratory airflow 
limitation has been more suggestive of rejection than 
CMV pneumonia. 

Because clinical criteria alone cannot reliably dif- 
ferentiate between rejection and infection, a more 
definitive approach must be used. In other solid organ 
grafts, biopsy has been the conventional method for 
diagnosing rejection. Although originally deemed in- 
adequate in a canine model, 34 transbronchial biopsy 
(TBB) has emerged as the procedure of choice for 
diagnosing rejection and infection in lung transplant 
recipients. 35 ^ 9 A histologic classification scheme and a 
grading system for acute rejection have been formu- 
lated (Tables 1, 2)." Acute rejection is identified by 
perivascular, mononuclear infiltrates, which may be 
accompanied by a lymphocytic bronchitis/bronchioli- 
tis; in more severe rejection, the inflammation also 
extends into the surrounding parenchyma. Although 
perivascular inflammation has been considered almost 
pathognomonic of rejection in lung transplant recipi- 
ents, it has been described in CMV pneumonia and 
Pneumocystis carinii pneumonia. 40 Thus, rejection 
must be interpreted cautiously if there is evidence of 
either CMV or Pneumocystis infection. 

When performed for a clinical indication such as 
differentiating suspected rejection from infection, 
TBB has had a positivity rate of 69 to 83 percent. 32 36 39 
The sensitivity for diagnosing rejection has ranged 
from 72 to 94 percent; the specificity, from 90 to 100 
percent. 35 38 39 The diagnostic yield has been good with 
an average of 4 to 10 biopsies per procedure, 32 35 38 but 
18 biopsies have been suggested to reach the 95 
percent confidence limit for the detection of rejec- 

The complication rate of TBB has been acceptably 
low, overall rates varying from 9 to 18 percent. 3 " 39 
Pneumothorax, the most common serious complica- 
tion of TBB, has occurred infrequently, probably 
because of postoperative pleural adhesions. Excessive 
bleeding has been the most frequent complication, 
but the incidence has been lower than reported in 
other immunocompromised patients. 

Bronchoalveolar lavage (BAL) is a useful adjunct to 
TBB, but its clinical utility is confined to the diagnosis 
of infection after lung transplantation. Simple differ- 
entia] counts of the cellular constituents of BAL fluid 
have not segregated rejection from infection; 41 how- 
ever, BAL lymphocytes harvested during episodes of 
acute rejection have manifested increased donor-spe- 
cific alloreactivity in a primed lymphocyte test. 42 
Although the primed lymphocyte assay has a high 
sensitivity, it lacks the specificity to exclude infection, 
and it requires a preserved supply of donor cells and 
a 72-h incubation period. 
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Standard treatment for acute pulmonary rejection 
is high-dose corticosteroids, but the maintenance 
immunosuppressive regimen should also be reviewed 
and optimized. Methylprednisolone, 500 to 1,000 
mg/d for 3 days, is the conventional regimen, and this 
is sufficient to reverse most episodes. If the mainte- 
nance prednisone therapy has been decreased or 
stopped, escalating the dose to approximately 1 mg/ 
kg/d and tapering it down again over 2 to 3 weeks may 
be beneficial in more severe early episodes or in later 
episodes. Although steroid-resistant acute rejection is 
unusual, refractory acute rejection has been success- 
fully treated with OKT3. 43 

After successful treatment, the radiographic, phys- 
iologic, and histologic abnormalities improve. How- 
ever, the time course for complete resolution of cellular 
infiltrates has not been fully determined. Small, 
persistent perivascular infiltrates have been described 
on follow-up biopsies 3 weeks after treatment in two 
thirds of recipients. 44 When present, peribronchial 
infiltrates have shown less response during this inter- 
val. 44 Should patients with residual perivascular or 
peribronchial infiltrates be retreated? At the present 
time, this question cannot be answered decisively, but 
probably not if the biopsy specimen shows improve- 
ment and the physiologic status has returned toward 
baseline. 

Chronic Rejection 

Chronic rejection after lung transplantation has 
become virtually synonymous with OB. Posttransplant 
OB is a clinicopathologic syndrome characterized 
physiologically by airflow limitation and histologically 
by bronchiolitis obliterans and variable vascular scle- 
rosis. It is the most problematic late complication of 
lung transplantation and the leading cause of late 
mortality (Fig 2). With contemporary maintenance 
immunosuppressive drug regimens and surveillance 
protocols, the prevalence is still 20 to 40 percent in 
long-term survivors of heart-lung and isolated lung 
transplantation, and the case fatality rate has remained 
high. 19 ' 4 " 7 The causes of death have been progressive 
respiratory failure and infection, often complicating 
intensive immunosuppressive therapy for OB. 

Two potential risk factors for the development of 
OB— antecedent acute rejection and CMV infection— 
have been proposed. Pulmonary infection has fre- 
quently been a forerunner of OB, and CMV infection 
has been implicated as a risk factor for OB. 1548 
However, OB has occurred without preceding CMV 
infection, and the association between CMV infection 
and OB has not always been confirmed. 33 45 Chronic 
rejection has also been linked to acute rejection. 45 49 ' 50 
Recipients with more severe, more frequent, and 
more persistent acute rejection episodes have had a 
significantly higher relative risk for chronic rejection. 



Obliterative bronchiolitis has been diagnosed as 
early as 2 months and as late as several years after 
transplantation, but in most series the mean time to 
development has been approximately 8 to 12 
months. 15 194648 The presentation is variable, but two 
patterns have been discerned. The most common 
presentation mimics an upper respiratory tract infec- 
tion or bronchitis, and, indeed, OB may be triggered 
by or evolve after a viral respiratory infection, 5 Such 
illnesses always raise the specter of rejection and must 
be scrutinized and monitored carefully. Less often, 
the early stage of OB evolves more insidiously and is 
manifested primarily by progressive decrements in 
FEV, on surveillance PFTs. 

The diagnosis of OB is based on clinical, physiologic, 
and pathologic aspects. The evolution of new or 
worsening airflow limitation is strongly suggestive of 
rejection; after a stable baseline has been established, 
a decline in FEV, of more than 10 percent is usually 
significant. When OB is suspected, the diagnosis 
should be confirmed histologically if possible, but the 
sensitivity of TBB for detecting OB has been highly 
variable, ranging from 5 to 100 percent. 4951 ' 52 More- 
over, the specificity of the pathologic findings alone 
has been low; comparable histologic abnormalities, 
presumably related to previous episodes of infection 
or rejection, have been present in the biopsy speci- 
mens of recipients without the clinical features of 
OB. 45 49 However, if both the clinical picture and the 
PFT pattern are compatible and other causes have 
been eliminated, OB is almost always the diagnosis. 
Open lung biopsy is not necessary unless this conclu- 
sion is in doubt. 

Prevention of OB is the goal, of course, but while 
the incidence has decreased, current strategies have 
not abolished the problem. Protection is based on an 
optimal maintenance immunosuppressive drug regi- 
men; however, an ideal regimen has not been deter- 
mined. Furthermore, maintenance therapy is often 
compromised by drug toxicity, and extrinsic factors 
may trigger rejection in spite of otherwise adequate 
immunosuppression. Because acute rejection and in- 
fection have been incriminated as precursors of 
chronic rejection, their prompt diagnosis and treat- 
ment could also influence the evolution of chronic 
rejection. 

Chronic rejection has been treated by augmenting 
the immunosuppressive drug regimen with high-dose 
corticosteroids, azathioprine, and the antilymphocyte 
agents ALG, ATG, and OKT3. Because of its impact 
on OB, 18 azathioprine has now been incorporated into 
most maintenance drug protocols. Typical corticoste- 
roid therapy has been methylprednisolone, approxi- 
mately 1 gm/d for 3 days, followed by prednisone, 
approximately 1 mg/kg/d initially with a taper to the 
pretreatment dosage over 2 to 3 weeks. Both ALG and 
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ATG have generally been given for 10 to 14 days; the 
standard dosage for the most widely available prepa- 
rations, Minnesota ALG and ATG AM (Upjohn), is 10 
to 20 mg/kg/d, but other institutionally formulated 
antisera may have a different dosage. The recom- 
mended treatment regimen with OKT3 is 5 mg/d for 
10 to 14 days. 

Beneficial results— either stabilization or improve- 
ment in PFT values— have been achieved with corti- 
costeroids and the antilymphocyte preparations, but 
the relapse rate has been high after both forms of 
treatment. 47 Overall response rates of 65 percent for 
corticosteroids and 81 percent for antilymphocyte 
agents have recently been reported, but 69 percent 
of corticosteroid-treated and 55 percent of antilym- 
phocyte agent-treated episodes eventually relapsed. 47 

During and after intensive immunosuppression for 
chronic rejection, the risk of infection is substantially 
increased. A course of therapy should not be initiated 
until any active infection has been controlled or 
eradicated. Prophylaxis for CMV infection in recipi- 
ents at risk and treatment of noninvasive Aspergillus 
infection in recipients colonized by this organism 
should be considered, especially during treatment 
with the antilymphocyte drugs. 

Surveillance 
Because of the ongoing risk of rejection, routine 
surveillance schemes have been implemented by 
many centers. Most plans have involved early reporting 
of symptoms, daily home spirometry, regular PFTs, 
and periodic bronchoscopy with TBB , but the schedule 
for PFTs and TBB has not been uniform among 
centers. In our program PFTs have been done weekly 
for the first 3 months after transplantation and then 
monthly for the remainder of the first year. Thereafter, 
PFTs have been repeated every 2 to 3 months. 
Surveillance TBB has been done initially about 2 to 3 
weeks and again 8 to 12 weeks after transplantation, 
but more frequent biopsies may be appropriate during 
this period. Subsequently, TBB has been repeated at 
6 months, 1 year, and then annually after transplan- 
tation. 

Small, affordable spirometers have made monitor- 
ing graft function at home practical. These spirometers 
can reproducibly measure FVC and FEV,, and some 
models can also record other expiratory parameters. 
Downward trends in FVC or FEV, of 10 percent or 
more that persist for several days may signal a pul- 
monary complication, but neither the magnitude nor 
the pattern of change can reliably separate infection 
and rejection. 31 

The best use of TBB for graft surveillance has not 
been defined, but the available data have raised some 
important questions and concerns. The positivity rate 
of surveillance TBB procedures has ranged from 15 to 
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57 percent, and both acute rejection and infection 
have been discovered in asymptomatic, clinically and 
physiologically stable recipients. 32 38 Low-grade (min- 
imal or mild) rejection has been recorded in 33 to 40 
percent of procedures, 39 53 and histologic evidence of 
occult CMV infection has been found in up to 17 
percent of cases. 39 Although these clinically silent 
findings are worrisome, their ultimate impact is un- 
certain. The outcome of low-grade untreated rejection 
in a small group of clinically well heart-lung recipients 
was not unfavorable, 53 and the natural history of occult 
CMV infection/pneumonia is unknown. Because acute 
rejection and CMV pneumonia may be related to the 
development of chronic rejection, our policy has been 
to treat histologically documented rejection (s= grade 
A2) or CMV infection (cells with characteristic inclu- 
sions, with or without associated pneumonitis) found 
in surveillance biopsy specimens. 

Summary 

Using current immunosuppressive protocols, rejec- 
tion is common after lung transplantation. Most recip- 
ients have at least one episode of acute rejection, and 
approximately 25 percent of recent long-term surviv- 
ors have developed chronic rejection. Acute rejection 
has usually been reversible with treatment, but 
chronic rejection has responded poorly, relapsed fre- 
quently, and been one of the leading causes of late 
morbidity and mortality. 

Appropriate management of rejection is predicated 
on timely, accurate diagnosis. Clinical criteria for the 
diagnosis of acute rejection are useful but nonspecific, 
and TBB has emerged as the procedure of choice for 
diagnosing acute rejection and infection. Chronic 
rejection is manifested by OB and is characterized 
physiologically by the development of airflow obstruc- 
tion. Although histologic confirmation is preferable, 
the sensitivity of TBB for the detection of OB has 
been inconsistent, and the specificity has been low. 

Lung transplantation has indeed come of age, but 
understanding the immunopathogenesis and improv- 
ing the clinical management of rejection remain major 
challenges for the next decade. 
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